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(57) ABSTRACT 

Systems, methods and apparatuses for managing ground 
transportation in a geographical area are disclosed. A system 
in accordance With the present invention comprises a graphi 
cal information systems (GIS) database that stores tra?ic data 
related to the geographical area, Wherein the GIS database 
includes at least one node representing at least one geographi 
cal location Within the geographic area and at least one arc 
representing at least one street Within the geographic area, an 
impedance calculation engine, coupled to the GIS database, 
that determines impedances associated With the at least one 
node and at least one arc, and a data fonnatter, coupled to the 
GIS database and to the impedance calculation engine, for 
formatting incoming data used by the impedance calculation 
engine, Wherein the impedance calculation engine updates 
impedances associated With the at least one node and the at 
least one arc based on inputs from the GIS database. 

20 Claims, 18 Drawing Sheets 
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DATA FUSION FOR ADVANCED GROUND 
TRANSPORTATION SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is related to the following co-pending and 
commonly-assigned patent applications, Which applications 
are incorporated by reference herein: 
US. patent application Ser. No. 11/113,659, ?led on the 

same date hereWith, by Pauline Joe, KennethA. Cobleigh, and 
William F. Lyons, entitled “DYNAMIC ROUTING TOOL”, 
US. patent application Ser. No. 11/ 113,640, ?led on the 

same date hereWith, by Steven F. Cuspard, Daniel J. Gadler, 
Kenneth A Cobleigh, and Pauline Joe, entitled “ADVANCED 
GROUND TRANSPORTATION MANAGEMENT”, 
US. patent application Ser. No. 11/113,941, ?led on the 

same date hereWith, by Daniel J. Gadler, entitled “AGTM 
AIRBORNE SURVEILLANCE”, 
US. patent application Ser. No. 11/113,943, ?led on the 

same date hereWith, by Alan E. Bruce, Kenneth A. Cobleigh, 
and Pauline Joe, entitled “EVACUATION ROUTE PLAN 
NING TOOL”and 
US. patent application Ser. No. 11/113,660, ?led on the 

same date hereWith, by Kenneth A. Cobleigh, Pauline Joe, 
Daniel J. Gadler, and Steven F. Cuspard, entitled “GEO 
INFOSPHERE AS APPLIED TO DYNAMIC ROUTING 
SYSTEM”. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates generally to ground transpor 

tation management, and in particular, to a method, apparatus, 
and article of manufacture for advanced ground transporta 
tion management. 

2. Background of the Invention 
Many state and local agencies use Geographical Informa 

tion System (GIS) databases to manage, plan, and record 
geographical information in their jurisdictions. For example, 
the placement of roads, seWers, and other municipal informa 
tion that are used for planning and management purposes are 
kept in GIS databases. HoWever, these GIS databases are used 
only to map these geographical data points for realty pur 
poses, e.g., to knoW Where a public road ends and a private 
road begins, to knoW Where a seWer line is for purposes of 
repair, etc. Each municipality typically updates these data 
bases as repairs are undertaken and completed. 

Municipalities also operate safety departments such as 
police, ?re, and paramedic services. These departments are 
not provided access to the GIS databases for the associated 
municipality, and, as such, are unaWare of any changes in the 
database that may affect their operations or assist in managing 
the operations they control. For example, paramedics may be 
unaWare that a given street is closed for repairs, and be 
delayed in responding to a call because the paramedics en 
route to an accident scene tried to use the street that is closed. 

Further, current routing systems perform routings based 
upon static speed data. They do not take into account the 
dynamically changing traf?c situation. At best they merely 
report a status, and are not integrated With a GIS system for 
use in planning purposes. Many mapping databases report 
that there is an accident on a given freeWay, but do not deter 
mine any time of travel on the road, segment, or interval 
containing the accident. Further, these routing systems are 
generically determined based on only one data input, namely, 
a road closure. These systems do not take into account other 
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2 
factors such as equipment status or time of travel betWeen tWo 
given points on the roads, segments, alleys, etc. that connect 
these tWo points. These systems also do not retain data for 
analysis after events have occurred to root out systemic prob 
lems or determine corrective actions. 

The large GIS databases, even if combined With other 
services and data, do not have the capability to provide infor 
mation to commercial and consumer markets for use in man 

aging ?eet and personal travel itineraries. Such access Would 
provide loWer fuel costs and shorter travel times, as Well as 
better management of ?eet resources. 

Even if the GIS databases Were combined With existing 
services, the number of sensors and other data sources used to 
augment the GIS databases do not provide proper coverage to 
accurately predict or determine the optimal route betWeen 
tWo points. Even in large metropolitan areas, the percentage 
of roads monitored by sensors is a small fraction of the num 
ber of roads that are in service, and, as such, the data available 
cannot provide an accurate model of real-time tra?ic condi 
tions. 

Emergency management operations, typically deployed 
during times of evacuation, do not utiliZe GIS databases. 
Some typical reasons for evacuation, including hurricanes 
threatening an area, Wild?res, biological, nuclear, or chemical 
attacks, have ?xed evacuation routes, and use the same evacu 
ation routes for all different types of emergencies. Emergency 
operations centers typically do not have access to the tools 
necessary to dynamically identify the optimal routes for 
evacuation. As such, there are typically signs marking prede 
termined roadWays as “evacuation routes” rather than 
dynamic determinations of What route may be best at any 
given time or for any given emergency. More complex inci 
dents, such as Wild?res and terrorist attacks, are more 
dynamic in nature, and the optimal evacuation plan cannot be 
predicted due to uncertainties in hoW the emergency Will 
unfold prior to the actual event. 

From the foregoing, it can be seen, then, that there is a need 
in the art for interconnectivity betWeen the GIS databases and 
other sources of data. It can also be seen, then, that there is a 
need in the art to provide access to the combined GIS database 
for management and operations beyond the municipal 
schema for use by emergency personnel to determine evacu 
ation routes. It can also be seen that there is a need in the art 
for a method of dynamically determining evacuation routes 
based on the imminent or ongoing emergency. 

SUMMARY OF THE INVENTION 

To minimiZe the limitations in the prior art, and to mini 
miZe other limitations that Will become apparent upon read 
ing and understanding the present speci?cation, the present 
invention describes systems, methods, and apparatuses for 
managing ground transportation in a geographical area. 
A system in accordance With the present invention com 

prises a graphical information systems (GIS) database that 
stores tra?ic data related to the geographical area, Wherein the 
GIS database includes at least one node representing at least 
one geographical location Within the geographic area and at 
least one arc representing at least one street Within the geo 
graphic area, an impedance calculation engine, coupled to the 
GIS database, that determines impedances associated With 
the at least one node and at least one arc, and a data formatter, 
coupled to the GIS database and to the impedance calculation 
engine, for formatting incoming data used by the impedance 
calculation engine, Wherein the impedance calculation 




















